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DESCRIPTION 

RADIATION IMAGE PICK-UP DEVICE AND METHOD THEREFOR, 
AND RADIATION IMAGE PICK-UP SYSTEM 

5 

TECHNICAL FIELD 

The present invention relates to. a radiation 
image pick-up device and method for photographing an 
image of incident radiation, and a radiation image 

10 pick-up system, and is applied to a medical image, 
diagnosis apparatus, a non-destructive inspection 
apparatus, and an analyzer using radiation. Note 
that, it is supposed that in this specification, an 
electromagnetic wave such as visible light, X-rays, 

15 a-rays, p-rays, Y~ ra ys, and the like are also 
included in the radiation. 
BACKGROUND ART 

Recent advances in the liquid crystal panel 
manufacturing techniques using thin film transistors 

20 (TFTs), and utilization of an area server having a 
semiconductor conversion element in various fields 
(e.g., in the field of a medical X-ray image pick-up 
device) , have enabled increased surface area and 
digitization for medical radiation image pick-up 

25 devices as well. The medical radiation image pick-up 
device, unlike a liquid crystal panel and the like, 
has a feature in that a minute signal is digitized to 
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output a corresponding image, and hence can 
photograph an image of radiation instantaneously to 
display the photographed image on a display device in 
an instant. At the present time, as for such a 
5 radiation image pick-up device, one for still image 
photographing has been commercialized. 

Fig. 11 is a schematic plan view schematically 
showing an example of a conventional radiation image 
pick-up device, Fig. 12 is an equivalent circuit 
10 diagram of the conventional radiation image pick-up 
♦ device shown in Fig. 11, and Fig. 13 is an equivalent 
circuit diagram of one pixel and a signal reading 
circuit in the conventional radiation image pick-up 
device shown in Fig. 11 (refer to JP 8-116044 A for 
15 example) . Hereinafter, a case where an image of X- 
ray as radiation is photographed will be described. 

As shown in Fig. 11, the conventional radiation 
image pick-up device includes a sensor substrate 101 
in which a plurality of pixels each having a 
20 photoelectric conversion function are disposed, a 
scanning circuit 102 for scanning the pixels, a 
signal output circuit 103 for outputting signals from 
the pixels, ICs 104 through which the sensor 
substrate 101 and the scanning circuit 102 are 
25 connected to each other, and ICs 105 through which 
the sensor substrate 101 and the signal output 
circuit 103 are connected to each other. 
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As shown in Fig. 12, a plurality of pixels 106 
are disposed in matrix in the sensor substrate 101. 
Note that 3x4 pixels are illustrated in the pixel 
area for the sake of convenience in Fig. 12, in 
5 actuality, a large number of pixels, 1,000 * 2,000 
pixels for example, are disposed therein. In 
addition, similarly, the illustration of ICs of the 
scanning circuit is omitted here for the sake of 
convenience . 

10 As shown in Figs. 12 and 13, each pixel 106 is 

constituted by a photoelectric conversion element 111 
as a semiconductor element for converting incident X- 
rays into electric charges, and a thin film 
transistor (TFT) 112 acting as a switching element 

15 for reading out the resultant electric charges. 

In each pixel 106, the photoelectric conversion 
element 111 is connected to the signal output circuit 

103 through a bias line 110 which is common to all 
the pixels, and thus a constant bias voltage is 

2 0 applied from the signal output circuit 103 to the 
photoelectric conversion element 111. In addition, 
in each pixel 106, a gate electrode of the TFT 112 is 
connected to the scanning circuit 102 through the IC 

104 (not shown) and a gate line 113 which is common 
"25 to every row in the matrix. Thus, the scanning 

circuit 102 controls an operation ( turn~ON/turn-OFF) 
of the TFT 112. In addition, in each pixel 106, a 
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source or drain electrode of the TFT 112 is connected 
to the signal output circuit 103 through the IC 105 
by way of a signal reading wiring (signal line) 114 
which is -common to every column in the matrix. 
5 As shown in Figs. 12 and 13, the IC 105 

includes an amplifier 115 serving as. a signal reading 
circuit. One input terminal of the amplifier 115 is 
connected to the signal line 114, and the other input 
terminal thereof is connected to a power supply 116. 

10 Moreover, a gain switching circuit 117 having 

capacitors Cfi, Cf 2 , and Cf 3 is connected" to the 
amplifier 115, and thus a gain of the amplifier 115 
can be switched over to another one through the 
combination of the capacitors Cfi, Cf 2 , and Cf 3 . 

15 Here, as shown in Fig. 13, a capacity of the 

photoelectric conversion element 111 is assigned C x , 
a parasitic capacity of the signal line 114 is 
assigned C 2 , and a capacity of the amplifier 115 is 
assigned Cf . An X-ray applied to a subject for 

20 exposure is attenuated as it is transmitted through 
the subject to be wavelength-converted into visible 
light by a phosphor layer (wavelength conversion 
member) (not shown) . The resultant visible light is 
then made incident on the photoelectric conversion 

25 element 111 to be converted into electric charges Q. 

Subsequently, upon turn-ON of the TFT 112, the 
gain of 1/Cf-fold is set in the amplifier 115. As a 
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result, an output voltage Vout is expressed by Vout = 
-Q/Cf, and this voltage signal is then read out from 
the signal output circuit 103 to the outside. After 
completion of the operation for reading out the 
5 ' voltage signal Vout, the electric charges which are 
generated in the photoelectric conversion element 111 
but remained untransf erred are removed due to a 
. change in electric potential of the common bias line 
110. 

10 However, the above-described conventional 

radiation image pick-up device principally aims at 
photographing a still image, and hence sensitivity 
(S/N ratio) is fixed at constant. Thus, the S/N 
ratio may become insufficient depending on the 

15 photographing modes ♦ That is, the conventional 

radiation image pick-up device involves a problem in 
that it has little tolerance for differences in the 
attenuation of the X-rays between different subjects, 
or for large differences in the dosage of exposure to 

20 the X-rays such as when still image photographing and 
moving image photographing are performed. 

DISCLOSURE OF THE INVENTION 

In light of the foregoing, the present 
.25 invention has been made in order to solve the above- 
mentioned problems, and it is therefore ah object of 
the present invention to provide an inexpensive and 
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high-performance radiation image pick-up device and a • 
method therefor, and an inexpensive and high- 
performance radiation image pick-up system which are 
capable of freely switching sensitivity over to 
5 another one in correspondence to a situation and an 
object of the image photographing to flexibly cope 
therewith, i.e., capable of carrying out both still 
image photographing and moving image photographing 
for example which are largely different from each 

10 other in dosage of exposure to radiation and which 
are also different in required sensitivity so as to 
meet that request. 

A radiation image pick-up device ,of the present 
invention includes: a plurality of pixels disposed in 

15 matrix, each of the pixels including at least one 
photoelectric conversion element for converting 
incident radiation into electric charges; and a 
signal output circuit for outputting signals from the 
pixels, in which a plurality of signal reading 

20 wirings through which the pixel and the signal output 
circuit are connected to each other are provided for 
each pixel. 

In further aspect of the radiation image pick- 
up device of the present invention, the photoelectric 
25 conversion element includes a wavelength conversion 
member for performing wavelength conversion on 
incident radiation. 
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In further aspect of the radiation image pick- 
up device of the present invention, each of the 
pixels includes semiconductor elements connected to 
the signal reading wirings, and any one of the signal 
5 reading wirings is freely selectable based on 
actuation of the semiconductor elements. 

In further aspect of the radiation image pick- 
up device of the present invention, at least one of 
the semiconductor elements • is a source follower. 
10 In further aspect of the radiation image pick- 

up device of the present invention, a signal reading 
circuit for reading out a signal from the pixel is 
provided to each of the signal reading wirings. 

In further aspect of the radiation image pick- 
15 up device of the present invention, a signal reading 
circuit for reading out a signal from the pixel is 
provided in common to the signal reading wirings. 

In further aspect of the radiation image pick- 
up device of the present invention, the two signal 
, 20 reading circuits are provided. 

A radiation image pick-up method of the present 
invention includes using a device which includes: a 
plurality of pixels disposed in matrix, each of the 
pixels including at least one photoelectric 
25 conversion element for converting incident radiation 
into electric charges; and a signal output circuit 
for outputting signals from the pixels, in which any 



WO 2005/050981 



8 



PCT/JP2004/017039 



one of a plurality of signal reading wirings which 
are provided for each pixel and through which the 
corresponding pixel and the signal output circuit are 
connected to each other is selected in correspondence 
5 to a photographing mode to be used. 

In further aspect of the radiation image pick- 
up method of the present invention, the photoelectric 
conversion element performs wavelength conversion on 
incident radiation, and converts the conversion 

10 results into electric charges. 

In further aspect of the radiation image pick- 
up method of the present invention, any one of the 
plurality of signal reading wirings is selected in 
correspondence to magnitude of a dosage of radiation. 

15 In further aspect of the radiation image pick- 

up method of the present invention, each of the 
pixels includes semiconductor elements connected to 
the plurality of signal reading wirings, and at least 
one of the semiconductor elements is a source 

20 follower, and when in case 'of the photographing mode 
involving a low dosage of radiation, the signal 
reading wiring having the source follower is selected. 

A radiation image pick-up system of the present 
invention includes: a radiation image pick-up device; 

25 radiation generation means for applying radiation; 
selection means for selecting any one of the 
plurality of signal reading wirings in the radiation 
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image pick-up device in correspondence to magnitude 
of a dosage of radiation; and control means for 
controlling the application of the radiation by the 
radiation generation means and drive of the radiation 
5 image pick-up device based on the selection by the 
selection means. 

In further aspect of the radiation image pick- 
up system of the present invention, there is further 
provided a photographing switch with which any one of 
10 the plurality of signal reading wirings is freely 

selectable based on an input by an operator, and the 
selection means selects any one of the signal reading 
wirings . based on input made with the photographing 
switch. 

15 In further aspect of the radiation image pick- 

up system of the present invention, the photographing 
switch is adapted to be switched ON into a plurality 
of strokes corresponding to the number of the signal 
reading wirings, and the respective strokes 

20 correspond to an increase in dosage of radiation in 
ascending order. 

In light of the fact that the conventional 
radiation image pick-up device aims principally at 
photographing a still image and thus the sensitivity 

25 (S/N ratio) is fixed at constant, the inventors of 

the present invention have earnestly carried out the 
examination in order to extend the sensitivity 
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depending on the photographing modes (such as still 
image photographing and moving image photographing) . 
As a result, the inventors have hit upon such a 
device that a plurality of signal reading wirings 
5 (signal wirings) are distributed for each pixel, and 
signal reading circuits and the like corresponding to 
the photographing modes are provided for the signal 
wirings, respectively, to allow any one of the signal 
wirings to be freely selectable. 
10. More specifically, for example, two signal 

wirings are distributed for each pixel, and one 
signal line is provided for the still image 
photographing. The still image photographing 
corresponds to the photographing mode involving a 
15 high dosage of exposure to the radiation, and hence 
the required sensitivity is- relatively low. Thus, 
there is adopted a configuration that the electric 
charge amplification is not carried out within the 
pixel, but is carried out in the signal reading 
20 circuit connected to the signal line concerned for 

example. On the other hand, the other signal wiring 
is provided for the moving image photographing. The 
moving image photographing corresponds to the image 
photographing mode involving a low dosage of exposure 
25 to the radiation, and hence the required sensitivity 
is relatively high. Thus, there is adopted a 
configuration that the electric charge amplification 
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is Carried out within the pixel to suppress 
generation of any of noises. 

According to the present invention, there are 
realized the inexpensive and high-performance 
5 radiation image pick-up device and radiation image 
pick-up system which are capable of freely switching 
sensitivity over to another one in correspondence to 
a situation and an object of the image photographing 
to flexibly cope therewith, i.e., capable of carrying 

10 out both still image photographing and moving image 

photographing for example which are largely different 
from each other in dosage of exposure to radiation 
and which are also different in required sensitivity 
so as to meet that request. 

15 Other features and advantages of the present 

invention will be apparent from the following 
• . description taken in conjunction with the 

accompanying drawings, in which like reference 
characters designate the same or similar parts 

20 throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are 

i 

incorporated in and constitute a part of the 
25 specification, illustrate" embodiments of the 

invention and, together with the description, serve 
to explain the principles of the invention. 
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Fig. 1 is a schematic plan view ' schematically 
showing an example of a radiation image pick-up 
device according to a first embodiment of the present 
invention; 

5 Fig. 2 is an equivalent circuit diagram of the 

radiation image pick-up device according to the first 
embodiment of the present invention; 

Fig. 3 is an equivalent circuit diagram of one 
pixel and a signal reading circuit in the radiation 
10 image pick-up device according to the first 
embodiment of the present invention; 

Fig. 4 is a schematic cross sectional view of a 
photoelectric conversion element and a TFT in the 
. radiation image pick-up device according to the first 
15 embodiment of the present invention; 

Fig. 5 is a schematic plan view schematically 
showing a modification of the radiation image pick-up 
device according to the first embodiment of the 
present invention; 
20 Fig. 6 is an equivalent circuit diagram of a 

radiation image pick-up device according to a second 
embodiment of the present invention; 

Fig. 7 is an equivalent circuit diagram of one 
pixel and a signal reading circuit in the radiation 
25 image pick-up device according to the second 
embodiment of * the present inventions- 
Fig. 8 is a schematic view schematically 
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showing an example of a radiation image pick-up 
system according to a third embodiment of the present 
invention; 

Fig. 9 is a flow chart showing an operation of 
5 the radiation image pick-up system according to the 
third embodiment of the present invention; 

Fig, 10 is a timing chart explaining an image 
pick-up operation using the radiation image pick-up 
system according to the third embodiment of the 
10 present invention; 

Fig. 11 is a schematic plan view schematically 
showing an example of a radiation image pick-up 
device accordinig to a prior art; 

Fig. 12 is an equivalent circuit diagram of the 
15 radiation image pick-up device according to the prior 
art; and 

Fig. 13 is an equivalent circuit diagram of one 
pixel and a signal reading circuit in the radiation 
image pick-up device according to the prior art. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION " 

Embodiments of the present invention will 
hereinafter be described in detail with reference to 
the accompanying drawings . A case where a photograph 
25 of a subject is taken using X-rays as radiation will 
be described herein. 
First Embodiment . 
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First of all, a first embodiment of the present 
invention will hereinafter be described. 

Fig. 1 is a schematic plan view schematically 
showing an example of a radiation image pick-up 
5 device according to a first embodiment of the present 
invention, Fig. 2 is an equivalent circuit diagram of 
the radiation image pick-up device according to the 
first embodiment of the present invention, and Fig. 3 
is an equivalent circuit diagram of one pixel and a 

10 signal reading circuit in the radiation image pick-up 
device according to the first embodiment of the 
present invention . 

As shown in Fig. 1, the radiation image pick-up 
device includes a sensor substrate 1 in which a 

15 plurality of pixels each having a photoelectric 

conversion function are disposed, a scanning circuit 
2 for scanning the pixels, a signal output circuit 3 
for outputting signals from the respective pixels, 
ICs 4 through which the sensor substrate 1 and the 

20 scanning circuit 2 are connected to each other, and 
ICs 5 through which the sensor substrate 1 and the 
signal output circuit 3 are connected to each other. 

As shown in Fig. 2, a plurality of pixels 6 are 
disposed in matrix on the sensor substrate 1. Note 

25 that while 3x3 pixels are illustrated in a pixel 
area in Fig. 2 for the sake of convenience, in 
actuality, a large number of pixels, 1,000 * 2,000 
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pixels, for example, are disposed. In addition, 
similarly, the illustration of ICs of the scanning 
circuit is omitted here for the sake of convenience. 
In this embodiment, as shown in Figs. 2 and 3, 
5 each pixel 6 includes a photoelectric conversion 

element 11 as a semiconductor element for converting 
incident X-rays into ele.ctric charges, and 
semiconductor elements (switching elements) fqr 
reading out the resultant electric charges. The 

10 switching elements include a thin film transistor 

(TFT) 21 and a TFT 22 as a source follower which are . 
provided so as to be freely selectable. 

In each pixel 6, the photoelectric conversion 
element 11 is connected to the signal output circuit 

15 3 through a bias line 12 which is common to all the 
pixels. Thus, a constant bias voltage is applied 
from the signal output circuit 3 to the photoelectric 
conversion element 11. In addition, two gate lines 
13a and 13b which are common to every row in the 

20 matrix are provided for each pixel 6. Here, a gate 
electrode of the TFT 21 is connected to the scanning 
circuit 2 through the gate line 13a and a 
corresponding one of the ICs 4 (not shown) , and a 
gate electrode of the TFT 23 is connected to the 

25 scanning circuit 2 through the gate line 13b and the 
corresponding one of the ICs 4 (not shown) . Thus, 
the scanning circuit 2 controls operations (turn- 
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ON/turn-OFF) of the TFTs 21 and 23(22). Moreover, 
two signal reading wirings (signal lines) 14a and 14b 
which are common to every column in the matrix are 
provided for each pixel 6. Here, a source or drain 
5 electrode of the TFT 21 is connected to- the signal 
•output circuit 3 through the signal line 14a and 
corresponding one of the ICs 5, and a source or drain 
electrode of the TFT 22 is connected to the signal 
output circuit 3 through the signal line 14b and the 
10 corresponding one of the ICs 5. Thus, in each pixel 
6, any one of the signal lines 14a and 14b is freely 
selectable in reading out a signal therefrom. 

As shown in Figs. 2 and 3, each IC 5 includes 
an amplifier 15a and TFTs 24 and 2 5 which constitute 
15 the signal reading circuit, and an amplifier 

(operational amplifier) 15b and TFTs 26 and 27 which 
constitute the signal reading circuit. The amplifier 
15a and the TFTs 24 and 25 are connected to the 
signal line 14a, and the amplifier 15b and the TFTs 
20 26 and 27 are connected to the signal line 14b. Here, 
one input terminal of the amplifier 15a is connected 
to the signal line 14a, and the other input terminal 
thereof is connected to a power supply 16. Moreover, 
a gain switching circuit 17 including capacitors Cfi, 
25 Cf 2 , and Cf 3 is connected to the amplifier 15a, and 
hence a gain of the amplifier 15a can be switched 
over to another one through the combination of the 
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capacitors Cfi, Cf 2 , and Cf 3 . Further, a TFT 28 is 
connected to an output terminal of the amplifier 15a, 
and a TFT 29 is connected to an output terminal of 
the amplifier 15b so that a signal can be outputted. 
5 Fig. 4 is a schematic cross sectional view of 

the photoelectric conversion element 11 and the TFT 
21 in the radiation image pick-up device. 

The photoelectric conversion element 11 and the 
TFT 21 are structured as follows. 
10 First of all, the TFT 21 will hereinafter be 

described. 

A pattern of an electrode layer 202 that 
becomes a gate electrode is formed on a substrate 201, 
and an insulating layer 2 03 is deposited on the 

15 substrate 201 so as to cover the electrode layer 202. 
A pattern of a semiconductor layer 2 04 made of 
silicon or the like is formed on the insulating layer 
203. Impurity ions are implanted at high 
concentration into both side portions of the 

20 semiconductor layer 204 to form a pair of impurity 

diffusion layers 205 and 206 that become a source and 
a drain. Patterns of electrode layers 207 and 208 
that becomes source and drain electrodes are formed 
in patterns so as to be connected to the impurity 

25 diffusion layers 205 and 206, respectively, thereby 
structuring the TFT 21. 

Next, the photoelectric conversion element 11 
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will hereinafter be described. 

An insulating layer 209 is deposited over the 
entire surface including upper surfaces of the 
electrode layers 202, 201, and 208. A pattern of a 
5 semiconductor layer 210 made of silicon or the like 
is formed on the insulating layer 209 so as to be 
adjacent to the TFT 21. An n + -type semiconductor 
layer 211 that becomes a high-concentration, n-type 
impurity region is formed in a surface layer of the 
10 semiconductor layer 210. A pattern of a bias. line 12 
is. formed on the n + -type semiconductor layer 211. A 
pattern of an electrode layer 212 is formed on the 
n + -type semiconductor layer 211, including upper 
faces of the bias line 12 so as to be connected to 
15 the bias line 12. Also, a passivation layer 213 is 
deposited on an entire surface, including the 
electrode layer 212 and the insulating layer 209 on 
the TFT 21 side.. Moreover, an adhesion layer 214 
having a flattened surface is formed so as to cover 
20 the passivation layer 213, and a phosphor layer 215 
as a wavelength conversion member is formed on the 
adhesive layer 214, thereby structuring the 
photoelectric conversion element 11. Note that an 
organic passivation layer made of PI or the like may 
25 be formed between the passivation layer 213 and the 
adhesion layer 214. 

Here, let us consider the noises generated in 
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the radiation image pick-up device of this embodiment. 

The noises which are generated when no electric 
charge amplification is carried out within the pixel 
6 depend on a kTCl noise, a resistance noise of the 
5 signal line 14a, a parasitic capacity noise of the 
signal- line 14a, and a noise of the amplifier 15a 
(including the gain switching circuit 17) . On the 
other hand, the noises which are generated when the 
electric charge amplification is carried out within 
10 the pixel 6 using the TFT 22 as the source follower 
circuit depend on the kTCl noise, and a noise of the 
source follower circuit. At this time, the noise of 
the source follower circuit is very low in level. 
That is, higher sensitivity (S/N ratio) is obtained 
15 when the electric charge amplification is carried out 
within the pixel 6 using the source follower circuit 
rather than when no electric charge amplification is 
carried out within the pixel 6. 

Then, in the radiation image pick-up device of 
2 0 this embodiment, the ^signal line is switched over to 
another one in correspondence to the sensitivity 
required for each photographing mode to take the X- 
ray photograph. That is, any one of the signal lines 
14a and 14b is freely selectable in each pixel 6 in 
25 reading out a signal. The signal line 14a is 

.selected for the photographing mode involving a high 
dosage of exposure to the. X-rays, such as the still 



WO 2005/050981 



20 



PCT/JP2004/017039 



image photographing or a non-destructive inspection 
of the human-body, and no electric charge 
amplification is carried out within the pixel. On 
the other hand, the signal line 14b is selected for 
5 the photographing mode involving a low dosage of 
exposure to the X-rays, such as the moving image 
photographing of the human body, and the electric 
charge amplification is carried out within the pixel 
using the source follower circuit. 
10 A description will hereinafter be given to a 

specific photographing method employed when each 
signal line is selected. 

(1) Photographing Mode involving High Dosage of 
Exposure to X-rays, such as Still Image Photographing 
15 or Non-destructive Inspection 

In this case, the signal line 14a is selected 
in a manner as will be described below, and no 
electric charge amplification is carried out within 
the pixel 6, and an output signal of the pixel 6 is 
20 read out through the signal line 14a. Here, a 

capacity of the photoelectric conversion element 11 
is assigned Ci, a parasitic capacity of the signal 
line 14a is assigned C 2 , and a capacity determined by 
capacities of the capacitors Cfi, Cf 2 , and Cf 3 of the 
25 amplifier 15a is assigned Cf . 

First of all, the TFTs 23, 26, 27, and 29 which 
are provided on the signal line 14b side are all 
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turned OFF, 

The X-ray applied to a subject for exposure is 
attenuated as it is transmitted through the subject 
to be wavelength-converted into visible light by the 
5 phosphor layer 215 as the wavelength conversion 

member shown in Fig. 4. The resultant visible light 
is then made incident on the photoelectric conversion 
element 1J to be converted into electric charges Q. 
Subsequently, the TFTs 21 and 25 which are 
10 connected to the signal line 14a are both turned ON 
to set a gain of 1/Cf-fold in the amplifier 15a. As 
a result, the output voltage Vout is expressed by 
Vout = -Q/Cf. Then, the TFT 2 8 provided on the 
signal -line 14a side is turned ON, thereby reading 
15 out that output signal from the signal output circuit 
3 to the outside. After the output signal is read 
out, the TFT 24 connected to the signal line 14a is 
turned ON to remove the electric charges still 
remaining in the photoelectric conversion element 11. 
20 Here, in the amplifier 15a, a gain can be switched 
over to another one through the combination of the 
capacitors Cfi to Cf 3 * 

(2) Photographing Mode involving Low Dosage of 
Exposure to X-rays, such as Moving Image 
25 Photographing of Human Body 

In this case, the signal line 14b is selected 
in a manner as will be described below, and the 
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electric charge amplification is carried out within 
the pixel 6 to read out an output signal of the pixel 
6 through the signal line 14b. Here, a threshold 
voltage of the TFT 22 as the source follower circuit 
5 ■ is assigned Vth. 

First of all, the TFTs 21, 24, 25, and 28 which 
are provided on the signal line 14a side are all 
turned OFF, while the TFT 23- connected to the signal 
line 14a is turned ON. 

10 Similarly to the case of the still image 

photographing, the X-ray applied to a subject for 
exposure is attenuated as it is transmitted through 
the subject to be wavelength-converted into visible 
light by the phosphor layer 215 as the wavelength 

15 conversion member shown in Fig. 4. The resultant 
visible light is then made incident on the 
photoelectric conversion element 11 to be converted 
into electric charges. The resultant electric 
charges cause an electric potential fluctuation Vin 

20 corresponding to a quantity of incident light to the 
photoelectric conversion element 11 in a gate 
electrode of the TFT 22. Upon turn-ON of the TFT 22, 
an electric potential at a point C becomes (Vin - 
Vthj due to this electric potential fluctuation Vin. 

•25 In this case, for example, if the threshold voltage 
Vth is sufficiently small, then* the signal obtained 
at the point C becomes a voltage signal which is 
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substantially equal to the voltage signal Vin. 

The TFTs 27 and 29 which are provided on the 
signal line 14b side are both turned ON, whereby the 
above voltage signal is read out from the signal 
5 output circuit 3 to the outside through the amplifier 
15b. After that voltage signal is read out, the TFT 
26 connected to the signal line 14b is turned ON to 
remove the electric charges still remaining in the 
photoelectric conversion element. 11. 
10 Note that, in this embodiment, when the 

electric charges still remaining in the photoelectric 
conversion element 11 are removed, the TFT 24 Or 2 6 
is used. However, as in the prior art, an electric 
potential of the bias line 12 may be changed, or a 
15 voltage of the power supply 16 may be changed. 

As described above, according to this 
embodiment, there is realized the inexpensive and 
high-perf ormance radiation image pick-up device which 
is capable of freely switching sensitivity over to 
20 another one in correspondence to a situation and an 
• object of the photographing to flexibly cope 
therewith, i.e., capable of carrying out both the 
still image photographing and the moving image 
photographing for example which are largely different 
25 from each other in dosage of exposure to the X-rays, 
and are also different in required sensitivity so as 
to meet that request. 



WO 2005/050981 



PCT/JP2004/017039 



24 



Note that while in this embodiment, a 
photoelectric conversion element of a MIS type is 
adopted as the photoelectric conversion element 11, 
even when a photoelectric conversion element of a PIN 
5 type is adopted, the same effects can be obtained. 
Moreover, in this embodiment, there has been 
exemplified the indirect type radiation image pick-up 
device in which the radiation is converted into the 
visible light in the phosphor layer 215, and the 
10 resultant visible light is converted into the 

electric charges in the photoelectric conversion 
element 11. However, even when the present invention 
is applied to a direct type radiation image pick-up 
' device, using a material such as amorphous selenium, 
15 in which the radiation can be directly converted into 
the electric charges, the same effects can be 
obtained. 
Modification 

In this embodiment, there is shown such a 
2 0 configuration that the scanning circuit 2 and the 
signal output circuit 3 are disposed only adjacent 
one sides of the sensor substrate 1, respectively. 
However, as shown in Fig. 5, the scanning circuit 2 
and the signal output circuit 3 may also be disposed 
25 on two sets of opposite sides of the sensor substrate 
1, respectively. In this case, an effect that a 
driving speed is increased, and so forth is offered 
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in addition to the effects of the above-mentioned 
first embodiment. Hence, the more excellent 
radiation image pick-up device can be realized. 
Second Embodiment 
5 Next, a radiation image pick-up device 

according to a second embodiment of the present 
invention will hereinafter be described. 

The radiation image pick-up device of this 
embodiment has nearly the same configuration as that 
10 of the radiation image pick-up device of the first 

embodiment but is different in that ICs of the signal 
output circuit is slightly different in configuration 
from those of the signal output circuit of the first 
embodiment . 

15 Fig. 6 is an equivalent circuit diagram of the 

radiation image pick-up device according to the 
second embodiment of the present invention, and Fig. 
7 is an equivalent circuit diagram of one pixel and 
the signal reading circuit in this radiation image 

20 pick-up device. Note that the constituent elements 
or the. like corresponding to those of the first 
embodiment are designated with the same reference 
numerals. 

An IC 31 of the signal output circuit 3 of this 
25 radiation image pick-up device, similarly to the case 
of the IC 5 of the first embodiment, is connected to 
a pixel 6 through signal lines 14a and 14b. Unlike 
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the first embodiment, however, the IC 31 has no 
amplifier 15b, and the signal lines 14a and 14b are 
connected to a common amplifier 15a. 

That is, in the IC 31, TFTs 24 and 25 are 
5 connected to the signal line 14a, and TFTs 26 and 27 
are connected to the signal line 14b. Also, the 
signal lines 14a and 14b are connected to each other 
through a TFT 32 to be connected to one input 
terminal of the amplifier 15a, and a power supply 16 
10 is connected to the other input terminal of the 

amplifier 15a. Moreover, a gain switching circuit 17 
having capacitors Cfi, Cf 2 , and Cf 3 is connected to 
the amplifier 15a. 

A description will hereinafter be given to a 
15 specific photographing method employed when each 

signal line is selected in this radiation image pick- 
up device. 

(1) Photographing Mode involving High Dosage of 
Exposure to X-rays, such as Still Image Photographing 
20 or Non-destructive Inspection 

In this case, the signal line 14a is selected 
in a manner as will be described below, and no 
electric charge amplification is carried out within 
the pixel 6, and an output signal of the pixel 6 is 
25 read out through the signal line 14a. Here, a 

capacity of the photoelectric conversion element 11 
is assigned Ci, ■ a parasitic capacity of the signal 
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line 14a is assigned C 2 , and a capacity determined by 
the capacitors Cfi, C£ 2 , and Cf 3 of the photoelectric 
conversion element 11 is assigned Cf. 

First of all, the TFTs 23, 26, 27, and 32 which 
5 are provided on the signal line 14b side are all 
turned OFF . 

The X-ray applied to a subject for exposure is 
attenuated as it is transmitted through the object to 
be wavelength-converted into visible light in the 
10 phosphor layer 215 as the wavelength conversion 

member shown in Fig. 4. The resultant visible light 
is then made incident on the photoelectric conversion 
element 11 to be converted into electric charges Q. 
Subsequently, upon turn-ON of the TFTs 21 and 
15 25 connected to the signal line 14a, a gain of 1/Cf- 
fold is set in the amplifier 15a. As a result, an 
output' voltage Vout is expressed by Vout = -Q/Cf. 
This voltage signal is then read out from the signal 
output circuit 3 to the outside. After the voltage 
20 signal is read out, a TFT 24 connected to the signal 
line 14a side is turned ON to remove the electric 
charges still remaining in the photoelectric 
conversion element 11. Here, in the amplifier 15a, a 
gain can be switched over to another one through the 
25 combination of the capacitors Cfi to Cf 3 . 

(2) Photographing Mode involving Low Dosage of 
Exposure to the X-rays, such as the Moving Image 
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Photographing of Human Body, 

In this case, the signal line 14b is selected 
in a manner as will be described below, and the 
electric charge amplification is carried out within- 
5 the pixel 6, and an output signal of the pixel 6 is 
read out through the signal line 14b. Here, a 
threshold voltage of the TFT 22 connected to the 
signal line 14b side is assigned Vth. 

First of all, the TFTs 21, 24, and 25 which are 
10 connected to the signal line 14a side are all turned 
OFF, while the TFT 23 connected to the signal line 
14a side is turned ON. 

Similarly to the case of the still image 
photographing, the X-ray applied to a subject for 
15 exposure is attenuated as it is transmitted through 
the subject to be wavelength-converted into visible 
light in the phosphor layer 215 as the wavelength 
conversion member shown in Fig. 4. The resultant 
visible light is then made incident on the 
20 photoelectric conversion element 11 to be converted 
into electric charges Q. The resultant electric 
charges Q cause an electric potential fluctuation Vin 
corresponding to a quality of incident light on the 
photoelectric conversion element 11 in a gate 
25 electrode of the TFT 22. Upon turn-ON of the TFT 22, 
a voltage at a point C becomes (Vin - Vth) due to the 
electric potential fluctuation. For example, if the 
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threshold voltage Vth is sufficiently small, then the 
voltage signal at the point C becomes a voltage 
signal which is substantially equal to the electric 
potential fluctuation Vin. 
5 Upon turn-ON of the TFT 27 connected to the 

signal line 14b side, the electric charges are 
accumulated in the capacitor C 3 . In this state, upon 
turn-ON of the TFT 32, a gain of 1/Cf-fold is set in 
the amplifier 15a, As a result, an output voltage 
10 Vout is expressed by Vout = -Q/Cf . This voltage 
signal is then read out from the signal output 
circuit 3 to the outside through the amplifier 15a. 
After the voltage signal is read out, the TFT 26 
connected to the signal line 14b is turned ON to 
15 remove the electric charges still remaining in the 
photoelectric conversion element 11. 

In this embodiment, in the amplifier 15a, the 
gain can be switched over to another one through the 
combination of the capacitors Cfi to Cf 3 . Hence, 
20 unlike the case where the . electric charge 

amplification is carried out within the pixel 6 in 
the first embodiment, a magnitude of the output 
signal can also be selected. 

Note that while when the electric charges still 
25 remaining in the photoelectric conversion element 11 
are removed, the TFT 2 4 or 26* is used, an electric 
potential of the bias line 12 may be changed, or a 
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voltage of the power supply 16 may also be changed as 
in the prior art. In addition, in this embodiment as 
well, similarly to the change of the first embodiment, 
the scanning circuit 2 and the signal output circuit 
5 3 may also be suitably provided in two sets of 
opposite sides of the sensor substrate 1, 
respectively . 

Moreover, in the first and second embodiments, 
there have been described the example in which a 
10 consideration is given to the still image 

photographing (non-destructive inspection) and the 
moving image photographing as the photographing modes, 
and the two signal lines 14a and 14b are distributed 
for each pixel 6 so as for any one thereof to be 
15 freely selectable. However, it is also possible that 
three or more signal lines are distributed for each 
pixel in order to more finely cope with the 
photographing corresponding to the various kinds of 
photographing modes. 
2 0 Third Embodiment 

Next, a third embodiment of the present 
invention will hereinafter be described. 

This embodiment discloses herein a radiation 
image pick-up system including the radiation image 
25 pick-up device described in the second embodiment of 
the first and second embodiments. Of course, the 
radiation image pick-up device described in the first 
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embodiment can also be applied to this radiation 
image pick-up system. Note that the constituent 
elements or the like, corresponding to those of the 
first and second embodiments are designated with the 
5 same reference numerals. 

Fig. 8 is a schematic block diagram 
schematically showing the radiation image pick-up 
system according to the third embodiment of the 
present invention, Fig. 9 is a flow chart showing an 
10 operation of the radiation image pick-up system, and 
Fig. 10 is a timing chart of an image pick-up 
operation using the radiation image pick-up system. 

As shown in' Fig. 8, the radiation image pick-up 
system includes the radiation image pick-up device 41 
15 described in the second embodiment, a drive unit 42 

for driving the radiation image pick-up device 41, an 
X-ray generation unit 43 for applying radiation, i.e., 
an X-ray in this case to an subject, an image pick-up 
switch 44 with which any one of the signal lines 14a 
20 and 14b is freely selectable by an operator, a 

photographing mode selection unit 45 for outputting 
an electrical signal representing that any one of the 
signal lines 14a and 14b is selected based on an 
input to the image pick-up switch 44, and a control 
25 unit 4 6 for controlling operations of the X-ray 

generation unit 43 and the drive unit 42 based on the 
electrical signal sent from the photographing mode 
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selection unit 45. 

The selection of the image pick-up mode can be 
carried out with the image pick-up switch 44, which 
is adapted to be switched ON into strokes 
5 corresponding to the number of signal lines 14a and 
14b, i.e., into two strokes in this case. The 
strokes correspond to an increase in a dosage in 
ascending order. In a state in which a switch 4 4a is 
switched ON into the first stroke, the moving image 
10 mode is selected, while in a state in which a switch 
44b is switched ON into the second stroke, the still 
image mode is selected. Note that it is configured 
such that when the switch 44b is switched ON into the 
second stroke, the switch 44a is also switched ON 
15 simultaneously into the first stroke. Since the 

photographing is repeatedly carried out by continuing 
to switch ON -the image pick-up switch 44, for example, 
the switch 44b of the image pick-up switch 44 is 
switched ON into the second stroke during the 
20 photographing of the moving image, thereby allowing 
the still image to be photographed. For end of the 
photographing, the image pick-up switch 44 has to be 
switched OFF (a state of the switching-OFF has to be 
provided for the image pick-up switch 44) . 
25 Here, a description will hereinafter be given 

to the control for the dosage of the X-rays in the X- 
ray generation unit 43 made by the control unit 46. 
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In case of the still image mode, there is 
generated a relatively high dosage of X-rays used to 
take an X-ray photograph of the breast through the 
still image photographing or the like. On the other 
5 hand, in case of the moving image mode, since a 

subject (patient) is irradiated with the X-rays for a 
long period of time, in this case, a low dosage of 
pulse-like X-rays is generated. 

In addition, as described in the second 
10 embodiment, the drive unit 4 6 controls the radiation 
image pick-up device 41 such that in the case of the 
still image photographing, no electric charge 
amplification is carried out within the pixel, and 
the output signal is read out to the outside through 
15 the signal line 14a, while in the case of the moving 
image photographing, the electric charge 
amplification is carried out within the pixel using 
the source follower circuit, and the output signal is 
read out to the outside through the signal line 14b. 
20 In the radiation image pick-up system according 

to this embodiment, as shown in Fig. 9, first of all, 
a photographing mode is selected by an operator (Step 
SI) . That is, when the switch 44a or 44b of the 
photographing switch 4 4 is switched ON into the first 
25 or second stroke, the photographing mode is selected 
by the photographing mode selection unit 45. 
Subsequently, when the moving image mode is selected, 
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the application of the X-rays corresponding to the 
moving image by the X-ray generation unit 43 is 
started (Step S2) and the control for the radiation 
image pick-up device 41 through the drive circuit 42 
5 is started (Step S3) by the control unit 46 to carry 
out the moving- image photographing (Step S4) . On the 
other hand, when the still image mode is selected, 
the application of the X-rays corresponding to the 
still image by the X-ray generation unit 43 is 

10 started (Step S5) and the control for the radiation 
image pick-up device 41 through the drive circuit 42 
is started (Step S6) by the control unit 4 6 to carry 
out the still image photographing (Step S7) • 

Then, in Step S8, when the photographing is 

15 further continued to be carried out, in the case of 

the moving image photographing, the. switch 4 4a of the 
photographing switch 4 4 is continued to be switched 
ON into the first stroke, while in the case of the 
still image photographing, the switch 4 4b of the 

2 0 photographing switch 4 4 is continued to be switched 

ON into the second stroke. When the photographing is 
intended to come to an end, the photographing switch 
44 is just switched OFF. 

Subsequently, with reference to Fig. 10, a 

25 • description will hereinafter be given to an operation 
of the radiation image pick-up device when the 
photographing proceeds from the moving image 



WO 2005/050981 PCT/JP2004/0 17039 

35 

photographing to the still image photographing. 

When the switch 44a of the photographing switch 
44 is switched ON into the first stroke to select the 
moving image mode, a photographing signal is inputted 
5 to the radiation image pick-up device 41. 

Subsequently, the TFT 23 is turned ON by the drive 
unit 42, and the TFTS 2 6 and 22 are then turned ON, 
thereby resetting the circuit. Subsequently, the'X- 
ray applied from the X-ray generation unit 4 3 to a 
10 subject is attenuated as it is transmitted through 
the subject to be wavelength-converted into visible 
light in the phosphor layer 215 as the wavelength 
conversion member shown in Fig. 4. The resultant 
visible light is made incident on the photoelectric 
15 conversion element 11 to be converted into electric 
charges Q. The resultant electric charges Q cause 
the electric potential fluctuation Vin corresponding 
to a quantity of incident light to the photoelectric 
conversion element 11 in the gate electrode of the 
20 TFT 22. The TFT 22 is turned ON due to that electric 
potential fluctuation Vin to accumulate the electric 
charges in the capacitor C 2 ' . Subsequently, the TFT 
27 is turned ON to accumulate the electric charges in 
the capacitor C 3 . Upon turn-On of the TFT 32, the 
25 output signal corresponding to the electric charges 
accumulated in the capacitor C 3 is read out from the 
signal output circuit 3 to the outside • Then, while 
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the switch 44a of the photographing switch 44 is 
switched ON into the first stroke, the moving image 
photographing is continuously repeated. 

At this time, when the switch 44b of the 
5 photographing switch. 4 4 is switched ON into the 
second stroke, the photographing .proceeds to the 
still image photographing. In the case of the still 
image photographing, first of all, the TFTs 23, 22, 
2 6, 27, and 32 which are provided on the signal line 
10 14b side are all turned OFF. However, the 

. photographing switch 44 may be switched ON at various 
timings such as a timing during the application of 
the X-rays, and a timing during the reading of the 
output signal. Thus, the TFTs 21 and 24 are turned 
15 ON right before the still image photographing, 

thereby resetting the circuit. Subsequently, the X- 
ray- applied from the X-ray generation unit 43 to a 
subject is attenuated as it is transmitted through . 
the subject to be wavelength-converted into visible 
20 light in the phosphor layer 215 as the wavelength 
conversion member shown in Fig. 4. The resultant 
visible light is made incident on the photoelectric 
conversion element 11 to be converted into electric 
charges Q. The resultant electric charges Q are 
25 accumulated in the capacitor C 2 by turning ON the TFT 
21. Subsequently, upon.turn-ON of the TFT 25, the 
output signal corresponding to the electric charges Q 
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accumulated in the capacitor C 2 is read from the 
signal output circuit 3 to the outside through the 
amplifier 15a. Note that while essentially, the 
output signal Vout is expressed by Vout = -Q/Cf , in 
5 Fig. 10 , the polarity of the output signal Vout is 
inverted to- be expressed as plus ( + ) . 

As described above, according to this 
embodiment, there is realized the inexpensive and 
high-performance radiation image pick-up system which 
10 is capable of freely switching sensitivity over to 
another one in correspondence to a situation and an 
object of the image photographing to flexibly cope 
therewith, i.e., capable of carrying out both still 
image photographing and moving image photographing 
15 for example which are largely different from each 

other in dosage of exposure to the X-rays and which 
are also different in required sensitivity so as to 
meet that request. 

As many apparently widely different embodiments . 
20 of the present invention can be made without 

departing from the spirit and scope thereof, it is to 
be understood that the invention is not limited to 
the specific embodiments thereof except as defined in 
the claims . 
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